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Temperature Dependent Sputtering (Review):
PISCES experiments show qualitative agreement with
expectations, but quantitatively show

enhanced erosion at high temperature.

Particle loss rate is expected to

be the sum of physical sputtering Helium Plasma Bombardment of Lithium
and evaporation lon Energy =175 eV
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Temperature Dependent Sputtering (Review):
Decrease in average gection energy of particles
accompanies the increase in erosion rate, implying
enhanced evaporation.

Eroded Atom Flux (a.u.)
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Enhanced erosion is not just an oddity of
plasma-liquid surface interactions.

Solid Beryllium Samples also Exhibit .
Enhanced Erosion at High Temperature * Asmachines pI'OCeed to

10 ; longer pulses and higher
| 2 Sateuiated sublimaton rate of Be atoms IZ ener gieS, the impact of
2 | this effect will become
: * more important
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Enhanced erosion at elevated temperatureis a
universal phenomenon.

R.S. Nelson first observed enhanced erosion (of Bi, Zn, Ag,
Cu, Au, Ge) in the early 1960s, and tried to explain the results
usl ng thermal Spl ke models [R.S. Nelson, Philos, Mag 11 (1965) 291]

PISCES results first showed enhanced erosion from liquid
metal Surfaces, but also now seen from solids [R.P. Doerner, PSI-14 & PSI-15]
U. of Illinois saw similar enhanced erosion of liquid metal
surfaces [JP. Allain, PSI-15]

Enhanced erosion also obsarved from hot W ep. vaiinet a., sov. 3 Plasma

Phys. 7 (1981) 239

Carbon enhanced erosion led to RES theory | papersby v. philips and J. Rotty
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Energetic particle bombardment of surfaces results not only
In sputtering, but also in the creation of surface adatoms.

We propose a surface sublimation model (elither solid or liquid surface)
during particle bombardment that includes the effects of adatom
sublimation/evaporation.

The total atom loss rate from a surface is written
‘]total (T) = ‘]pIYs t ‘]o(T) t ‘]ad???
where, J,Y isthe sputtered particle flux

(-Eo/T)
0

kn,
J, istheflux of lattice stoms evaporated ~ Jo = 5 Vin &P

' - kn ]
J4 1S the adatom evaporative flux Jy = Tathh exp* e

And the areal density of adatomsis Ng = Yoo Jytag

Y 4 1S Of order unity H. Gadesand H. M. Urbassek, Phys. Rev. B 50 (1994) 11167.
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Adatoms are less strongly bound to the surface and, therefore,
can be thermally released at alower temperature.

There are two unknowns, E_; and t_; in the
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Adatom sublimation model accurately predicts
loss rate across the entire temperature range.
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Adatom sublimation must be
Included to account for loss rate
during energetic particle
bombardment

Adatom density goesto zero
when energetic particle flux is
removed and thermodynamic
equilibrium sublimation is
recovered
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Molecular dynamics simulation is used to calculate
beryllium adatom binding energy.

Potential [eV]

. . .
Potential from Shuzo Uedaet. al.
J. Nucl. Mat. 258-263 (1998) 713.

Equilibrium distance 2.3 A

A Becrystd iscreated using a
MD simulation

e A Beadatom isthen arbitrarily

placed on the surface of the

Radial separation [nm]

crysta

* The adatom isthen tracked for
20 ps(in 5 fssteps) at 300K and
(5 the average binding energy is
evaluated to be 1.93048 eV.

* Recall measured E_;= 1.8 eV!
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Adatom evaporation can also predict enhanced

erosion of lithium samples, using the same mode!.

| ithitm 7o Inss rate (atrms!onta)

Lithium E, = 12,350 K (1.1 eV)
[Li E,=18,500K = 1.6 V]

©  Measured Li erosion (flux = 1.6x10 *® cms™)

©  Measured Li erosion (flux = 5.0x10 " cm®s™)
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Lithium melting
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Radiation Activated Adatom Sublimation (RAAYS)
model explains both solid and liquid
enhanced erosion at elevated temperature.

Effect disappears when energetic particle flux is removed, as measured (1)
Adatom model involves thermally released particles, as measured @
Y, Scales correctly with incident PISCES plasma flux ©

Y . Isfarly insensitive to E;, at low incident energy, consistent with  (4)

1on

PISCES data [H. Gades and H. M. Urbassek, Phys. Rev. B 50 (1994) 11167.]
Measured E; agrees with MD calculation of Be adatom binding energy (s)

May also explain carbon enhanced erosion at high temperature (which
currently is explained within the framework of RES theory)
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